Phytochemical investigation of the aerial parts of three Baccharis species (Asteraceae family) was performed using HPLC and chemometric methods, with the objective of distinguishing between three morphologically very similar species: Baccharis genistelloides Persoon var. trimera (Less.) DC, B. milleflora (Less.) DC and B. articulata (Lam.) Persoon. With the help of Principal Component Analysis (PCA) and variance weights, it was possible to characterize the chromatographic profiles of the alcoholic extracts of the three species. Application of Soft Independent Modeling of Class Analogy (SIMCA) and K-Nearest Neighbor (KNN) methods on a training set of 74 extracts resulted in models that correctly classified all eight samples in an independent test set.
Introduction
Species of Baccharis (Asteraceae) are popularly known as "carqueja" in Brazil. The Baccharis genus, existing in Brazil, is represented by several species that have three-winged branches in common. This group of native plants is common in southern Brazil as well as in Uruguay, northern Argentina, Paraguay and Bolivia. In traditional medicine they are used in the form of tea for gastrointestinal treatments, 1 for liver diseases, 2 as antirheumatic agents, 3 and to treat inflammatory processes, among other applications. 4 "Carqueja" tea is prepared from dried complete, fragmented or ground branches, and is readily purchased in pharmacies and supermarkets in Brazil. There are estimated to be around 400 species, of which no more than 50 have been studied. Differentiation between three-winged species is complex; for example, B. cylindrica, B. myriocephala, B. milleflora and B. crispa are especially similar to B. trimera, so that certain authors actually consider them to be identical with B. trimera.
The use of chemical analysis in chemotaxonomy has been restricted to the development of specialized methods to isolate specific compounds. 5 On the other hand, chemosystematic has combined the use of chemical multivariate mathematical and statistical methods on biological systems with special emphasis on the solution of taxonomic characterization. 5 Chemometric methods, [6] [7] [8] [9] [10] among them principal component and hierarchical cluster analyses, have been applied in chemosystematic and taxonomic studies of different plants. Fourier transform microscopy in combination with chemometric classification methods, like Soft Independent Modeling by Class Analogy (SIMCA) and the K-Nearest Neighbor classification rule (KNN), were investigated as new methods to discriminate cyanobacterial strains. 11 In this work, a phytochemical investigation of the aerial parts of three species of the Baccharis genus of the Asteraceae family was performed using high performance liquid chromatography and chemometric methods. The objective was to develop a taxonomic identification process that is fast and accurate without the necessity of adding specific information of biological origin. This can become a powerful chemotaxonomic tool for morphologically similar species that are difficult to characterize by conventional means. Three Baccharis species, B. genistelloides Persoon var. trimera (Less.) DC, (Tr), B. milleflora (Less.) DC, (Mf), and B. articulata (Lam.) Persoon, (Ar) were donated for this study.
Experimental

Plant material
Three types of plants: Baccharis trimera (Less.) DC, and B. milleflora (Less.) species, as well as an uncharacterized species, were cultivated in the experimental garden of the Departamento de Química of the Universidade Estadual de Londrina (UEL), in Londrina, PR, Brazil. The samples from these cultivated plants were denominated as Tr, Mf and Ds, respectively. The fourth species, B. articulata (Lam.) Persoon cultivated in the experimental garden of the Instituto Agronômico do Paraná (IAPAR), Londrina, furnished samples denominated as Ar.
Vouchers of the four species were deposited in the Herbarium of the Universidade Estadual de Londrina. The origins of the cultivated plants as well as their Herbarium access numbers are given in Table 1 .
Collection and drying
Collections were performed weekly from August 2001 to February 2002. Aerial parts of the plants were collected, avoiding material containing flowers or damaged by insects or fungus, and cut into small pieces to permit homogeneous chemical sampling. Drying was carried out at ambient temperature for nine days, with the samples protected from light, humidity and insect and fungus attacks.
Extract preparation
Aerial parts of the dried and green plants (11.8 g) were extracted for 5 min with a food processor after addition of 250 ml of technical grade and absolute ethyl alcohol, respectively. The solutions remained at rest for 24 h. The ethanolic extracts were filtered and concentrated in a rotary evaporator at a temperature less than 100˚C. The procedure was repeated three times, after which time extracts were placed in an oven at 37˚C.
Chromatographic analysis
Eluent selection, as well as sample preparation for HPLC analysis, should be performed in a planned way since it plays a fundamental role in separating plant substances. If done without criterion, this selection can cause significant wastes of time and reagents in the laboratory, besides leading to unsatisfactory results. In this work, these conditions were chosen using TLC, since it is a simple and fast technique.
Thin layer chromatography assay
Thirty milligrams of dried extract were re-dissolved in a mixture of 2 ml of ethyl alcohol, 0.1 ml of water and 0.2 ml of dichloromethane. The chromatograms were run in normal phase silica gel with fluorescein indicator. The mobile phase and the solvent for sample preparation were chosen by means of a simplex-centroid design, 12 with three additional mixture points, 8, 9 and 10, totaling 10 mixtures, Fig. 1 . The hexane, methanol and dichloromethane eluents were chosen using a polarity scale. The 1, 2 and 3 vertex points of the design correspond to pure eluents: hexane, methanol, and dichloromethane, respectively. The 4, 5 and 6 points on the sides, are 1:1 binary mixtures of the eluents, 1 and 2, 2 and 3 and 1 and 3. Point 7 is a ternary mixture with equal parts of all three eluents. The 8, 9 and 10 points correspond to eluent mixtures in the 1:1:4, 1:4:1 and 4:1:1 proportions.
The developments were carried out with ultraviolet irradiation.
Sample preparation for HPLC
Each sample was prepared by weighing 30.0 mg of concentrated extract and re-dissolving it in 3 ml of dichloromethane, leaving it at rest for 1 h and later filtering through common filter paper. Then dilution of 50 µl of this solution in 950 µl of methanol was done. The resulting solution was filtered twice with a 0.45 µm Millipore filter.
HPLC analysis
Analyses were carried out using a Shimadzu Model LC-10AD chromatograph with an SPD-M10AVP diode array detector, having as chromatographic conditions, methanol eluent (J. T. Baker, chromatographic grade), 1 ml min -1 flow, Metasil C18 ODSPN 0380 Metachem (250 × 4.6 mm) column, 5 µm particle size. The temperature was fixed at 35˚C. The injection volume was 20 µl and elution was monitored at 254 nm.
Chemometric Methods
Principal component analysis (PCA)
In PCA the original variables (characteristics) are transformed into new variables that are linear combinations of the original ones. The objective of this method is to reduce the data dimensionality, but it can also be used to construct classification models. 13 
Variance weights
These weights determine the individual importance of each variable or characteristic in the discrimination between each pair of classes. The variance weight for a variable is calculated by dividing the interclass variance for a pair of classes by the sum of their intraclass variances. 14 
K-Nearest neighbor analysis (KNN)
This classification method uses as a decision criterion the distance between the samples. Samples are classified into classes that correspond to the classes of their nearest neighbors. 15 The Euclidean distance was used in this study.
Soft independent modeling by class analogy (SIMCA)
This method classifies samples based on their similarities to principal component models. The data of the training set are used to determine principal component models for each class. One of the ways of determining the appropriate number of principal components is to use the cross-validation technique. 15 The classification of test set samples is obtained by adjusting each of these samples to each model and deciding, at the 95% confidence level, if the sample belongs to the corresponding class or not. 
Computer programs
The computational program, ARTHUR, modified for microcomputers 16 was used for the SIMCA, KNN and variance weight calculations.
For the PCA and pre-processing calculations, FORTRAN programs developed in our laboratory were used on PC type computers.
Results and Discussion
The TLC results showed that dichloromethane separates a larger number of substances from the extracts, whereas methanol provides the poorest elution. Considering that normal phase silica gel is more polar than the stationary phase of the C18 column, we chose pure methanol as the mobile phase and we did extract re-dissolutions using dichloromethane.
Taxonomic analysis
The vouchers of the cultivated three-winged species, Mf, Tr and Ds, were sent to the Zoobotanical Foundation of Rio Grande do Sul state for new taxonomic characterization. The results confirmed the difficulty of classifying them based on conventional taxonomic techniques, since all three collections were classified as Baccharis genistelloides Persoon var. trimera (Less.) DC.
The Ar species was not sent for new characterization since, being bi-winged, it is easily discriminated from the three-winged species.
The data matrix
The data set contained 82 samples. Each sample was represented by 619 height values of the chromatographic peaks, resulting in an 82 × 619 matrix. For applications using the KNN and SIMCA methods and the variance weights, this matrix was divided into two sets: one for training and the other for testing the training set results. The training set was composed of 74 samples obtained from fresh and dried plants. This set was divided into three classes, one for each species: Mf, Tr and Ar. The test set was made up of eight samples of the Ds species, taxonomically denominated as B. trimera, also obtained from the extracts of green and dried plants.
Chemometric analysis
Before the chemometric analysis, the data were pre-processed. Different pre-processing methods were used. 15 In this application five kinds of pre-processing techniques were tested: normalization to unit area, normalization to the unitary vector, autoscaling, area normalization followed by autoscaling and data centering about the average. The best results were obtained by unit area normalization.
The data set with 82 samples normalized to unit area was subjected to PCA. The first five components explain 81% of the total data variance. Figure 2 shows a graph of the scores of the first two principal components that explain 65% of the statistical variance in the data. The projection is a twodimensional representation of the 619 dimensions. The graph shows that the first principal component, PC1, discriminates the Tr and Ds samples from those of the Mf and Ar species, whereas PC2 discriminates Mf from Ar. Figure 3 shows the score graph of PC2 versus PC4, with an accumulated variance of 28.8%. As in Fig. 2 , we can identify three groups: two located on opposite sides of PC2, Tr and Ar, and one intermediate group, Mf.
Furthermore, PC4 discriminates Tr and Ds from Mf and Ar, as does PC1. In this graph the test set samples, Ds, are seen to have the same characteristics as the Tr species, as expected, since the samples were taxonomically characterized as B. trimera.
These was no species discrimination by PC3 and PC5. Also none of the principal components discriminated between green and dried plants. As seen in Figs. 2 and 3 These results suggest that the characteristics responsible for the discrimination between Mf, Tr and Ar are more polar substances and present peaks with retention times around 1.7, 2.5 and 2.7 min, respectively.
The SIMCA and KNN classification methods were employed for qualitative discrimination of the three species.
In classification, the objective is to develop a model for each class in the training set that can be used to classify samples of the test set. SIMCA was used to construct a PCA model for each class: Mf, Tr and Ar, with the aim of testing these models for the classification of the samples of the Ds species. The number of PC's used in the modeling was determined by cross validation. All three models, one for each species, had two PC's. With this model, 100% of the training and test set samples were correctly classified.
For the KNN method, the training and test set samples were classified 100% correctly using 10 nearest neighbors.
With the objective of determining the best discriminatory region, two regions of the chromatogram were investigated separately: one for the retention time interval of 1.4 to 3.7 min, and another from 3.8 to 7.8 min. The SIMCA and KNN results confirmed that the region between 1.4 and 3.7 min differentiates the three species, correctly classifying all the Tr, Mf, Ar and Ds samples. This encouraged us to find the characteristics most responsible for the correct classification. In order to obtain this information, variance weights were calculated. Table 2 contains the largest variance weights for differentiating the Mf, Tr, and Ar samples. These weights quantify the usefulness of each characteristic in separating each pair of classes.
The characteristics with the highest variance weights for separating Ar from Mf and Tr are located in the retention time interval of 1.65 to 1.72 min, whereas the intervals from 2.53 to 2.60 min and 2.74 to 2.86 min contain the characteristics responsible for discriminating the Tr species from Mf and Ar. These results confirm that the substances responsible for this discrimination are those that present peaks at retention times around 1.7, 2.5 and 2.7 min.
Conclusion
In this work the HPLC technique combined with the chemometric methods, SIMCA and KNN, were adequate for correctly classifying three species of Baccharis, B. genistelloides Persoon var. trimera (Less.) DC, B. milleflora (Less.) DC and B. articulata (Lam.) Persoon. Besides this, with the aid of PCA and variance weights it was possible to trace the chromatographic profiles of the three classes, qualitatively identifying the presence of three substances or groups of substances. With this information, the procedure can be improved to search for chemotaxonomic markers. These results show that chemometric methods associated with efficient chemical analysis methods provide powerful tools for the taxonomic characterization of morphologically similar species. The methods are reliable and conclusive and do not require analysis of specific parts of the plant during specific seasons. Furthermore, they seem to be generally applicable in situations where conventional taxonomic characterization fail. 
